223 



221 r- N0 " 



TTYctr=0 



YES 



INPUTS: INPUT SIGNAL FRAME 
t[n] FROM n=40 TO n=199 



201 



I 



TTYflag=FALSE 



203- 



I 



205- 



GENERATE TTY INDICATOR SIGNAL 



DETECT & UPDATE NEW TTY CHARACTER BIT 



207- 



VALIDATE CHARACTER BIT ARRAY: 

1. VALIDATE START CHARACTER BIT 

2. VALIDATE END CHARACTER BITS 

3. VALIDATE MARK HOLD TONE 



213 




ZERO OUT COMPRESSED 
SPEECH BITSTREAM 



TTYctr=TTYctr-1 


TYES 


215 

<^ctr>1?^> 


TTYctr=9; 
TYY charno=(TTYcharno+1)mod 4; 
TTYcharrepeatno=0; 
COPY CHARACTER BIT ARRAY c TO cbck 




/ 

211 


TTYcharrepeatno+=1 

i 








■-225 219-^- 


. PACK TTY CHARACTER BIT ARRAY cbck, 

TTYcharno, TTYcharrepeatno INTO 
COMPRESSED SPEECH BITSTREAM 



3 



OUTPUTS: TlYflag, 
COMPRESSED SPEECH BITSTREAM 



# 



• 



INPUTS: INPUT SIGNAL t[n], HISTORY 
OF SIGNALS t[n], t$[n], AND t|y|[n] 



FILTER t[n] USING MARK BANDPASS FILTER TO GET t M [n] AND 
SPACE BANDPASS FILTER TO GET t s [n] FOR n=40 TO n=199 



-301 



COMPUTE LOCAL ENERGIES e[n], e m [n], AND es[n] USING A 
RECTANGULAR WINDOW OF THE SIGNALS t[n], t m [n], AND t s [n] 
RESPECTIVELY FOR n=16 TO n=183 



-303 



COMPUTE TTY INDICATOR SIGNAL w[n] FROM n=16 TO n=183 



-305 



COMPUTE MEDIAN FILTERED TTY INDICATOR SIGNAL v[n] 
FROM n=20 TO n=179 



-307 



UPDATE SIGNAL BUFFERS t[n], tM[n], AND t s [n] 







-309 



OUTPUTS:MEDIAN FILTERED TTY INDICATOR SIGNAL v[n] 
FROM n=20 TO n=179, UPDATED HISTORY OF SIGNALS t[n], 
t M W, AND t S [n] 



FIG. 3 




V 



401 





MARK BANDPASS FILTER 


t[n] 

• »H 




402 

^ 




SPACE BANDPASS FILTER 





FIG. <4 



PAST 5 MS 20 MS SIGNAL FRAME 



FIRST WINDOW 




LAST 


THAT 




WINDOWTHAT 


CORRESPONDS 




CORRESPONDS 


TO n=16 




TO n=183 


< 


\ i 





0 32 167 199 



( INPUTS: LOCAL ENERGY e[n] OF INPUT SIGNAL, LOCAL ENERGY e M [n] OF MARK 
. FILTER OUTPUT, AND LOCAL ENERGY e s [n] OF SPACE FILTER OUTPUT FROM n=16 TO n=183 




CONTINUED FROM FIG. 9A 




FIG. 9& 



INPUTS: TTY INDICATOR SIGNAL w[n], LOCAL SIGNAL ENERGY e[n], LOCAL MARK FILTER 
OUPUT ENERGY e M [n], LOCAL SPACE FILTER OUTPUT ENERGY e s [n] FOR n=16 TO n=183 



1001- 



I 



N=20 



1003- 



v[N] = w[N] 



NO 



cM = f MARK'S IN w[n] FROM N-4 TO N+4 
cS = fSAPCE'S IN w[n] FROM N-4 TO N+4 



-1005 



d[N] = AVERAGE OF e[n] FROM N-4 TO N+4 
d M [N] = AVERAGE OF e M [n] FROM N-4 TO N+4 

d s [N] = AVERAGE OF e s [n] FROM N-4 TO N+4 



v[N] = MARK 



-1007 




CONTINUED ON FIG. 10B 




FIG. fO& 



INPUTS: MEDIAN FILTERED TTY INDICATOR SIGNAL v[n] 
FROM n=20 TO n=179, CHARACTER BIT ARRAY c, 
CHARACTER BIT ARRAY COUNTER nc, MARK COUNTER mac, 
SPACE COUNTER spc, AND UNKNOWN COUNTER uc 



101 1 



N=20 



NO 

1115 

J_ 
MARK COUNTER 
mac = mac + 1 



1117 



CHECK HIGH BOUND OF 
MARK COUNTER mac 



NO 



CHECK LOW BOUND OF 
SPACE COUNTER spc 



1119 




UNKNOWN COUNTER uc = 
MIN (58, uc+1) 

— r 



1111- 



1109 



CHECK LOW BOUND OF MARK 
COUNTER mac FOR UNKNOWN 
INDICATOR 



1113- 



CHECK LOW BOUND OF SPACE 
COUNTER spc FOR UNKNOWN 
INDICATOR 



t 

CONTINUED ON FIG. 11B 



1123 



1121 

z 



SPACE COUNTER 
spc = spc + 1 

~r~ 



CHECK HIGH BOUND OF 
SPACE COUNTER spc 



CHECK LOW BOUND OF 
MARK COUNTER mac 



J 

1125 



CONTINUED ON FIG. 1 1 A 




INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY POINTER nc, 
SIGNAL COUNTER sc, SIGNAL TYPE s (MARK OR SPACE), UNKNOWN 

COUNTER uc 




c[nc]=s, nc=nc+1, sc=0, uc=0 



OUTPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY 
POINTER nc, SIGNAL COUNTER sc, UNKNOWN COUNTER uc 



FIG. f£ 



INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY POINTER nc, 
SIGNAL COUNTER sc, SIGNAL TYPE s (MARK OR SPACE), UNKNOWN 

COUNTER uc 




OUTPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY 
POINTER nc, SIGNAL COUNTER sc, UNKNOWN COUNTER uc 

FIG. 13 



NO 



1411 



IF uc=0,4,8,12 
sc=sc-1 



INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY POINTER nc, 
SIGNAL COUNTER sc, SIGNAL TYPE s (MARK OR SPACE), UNKNOWN 

COUNTER uc 





c[nc]=s, nc=nc+1, uc=0, sc=0 



sc=sc- 



1413 



IF uc IS EVEN 
sc=sc-1 



1415- 



sc=MAX(sc,0) 



( OUTPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY 
^ POINTER nc, SIGNAL COUNTER sc, UNKNOWN COUNTER uc 



'INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY * 
POINTER nc, PREVIOUS CHARACTER LAST BIT p, MARK 
HOLD TONE FLAG mh 



NO 



NO 



NO 




mh=TRUE 




1513= — 



nc=0 



1505 



mh=FALSE 



OUTPUTS: CHARACTER BIT ARRAY POINTER nc, 
MARK HOLD TONE FLAG mh 



INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY POINTER nc, 
LAST BIT OF PREVIOUS CHARACTER p, TTY CHARACTER RAG TTYflag 



ni 

s 5 £ 



NO 



NO 



1621 

/ ' 




nc= 


0 





1609- 



NO 



1623 
Z_ 




TTYflog=TRUE t L=8 



nc=0 




c[0]=c[8], nc=1 



NO 





1613 

' 1 




TTYflag=TRUE, L=7 


NO 




=9?^> 



1615 



YES 



c[0]=c[7], c[1]=c[8], nc=2 



OUTPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT ARRAY POINTER nc, LAST BIT OF 
PREVIOUS CHARACTER p, TTY CHARACTER FLAG TIYflag, TTY CHARACTER BIT LENGTH L 

FIG. / 6 



03 



- .. £ 



I I 



INPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT 
ARRAY POINTER nc, MARK HOLD TONE FLAG mh 




OUTPUTS: CHARACTER BIT ARRAY c, CHARACTER BIT 
ARRAY POINTER nc, MARK HOLD TONE FLAG mh 



FIG. / 7 



INPUTS: COMPRESSED SPEECH BITSTREAM 



1801 



1803- 



1805- 



NO 



INITIALIZATIONS: Tp=0; wTTYflg = FALSE; 
ZERO OUT BUFFER Tqut 



IF VALID TTY CHARACTER IS PRESENT, UNPACK IT 
FROM COMPRESSED SPEECH BITSTREAM INTO 

CHARACTER BUFFER d c AND SET dTTYflg=TRUE 



FOR VALID TTY INPUTS, SYNTHESIZE TTY SIGNAL 
IN BUFFER Tout AND SET wTTYflg=TRUE 




1809- 



COPY Tqut BUFFER TO OUTPUT BUFFER 



OUTPUTS: OUTPUT BUFFER, TTY OUTPUT FLAG 
wTTYflg 



(INPUTS: CHARACTER BIT ARRYS d c , cb, ocb AND ocb POINTER ocbptr; SYNTHESIS BUFFER Tout AND ITS 
^ POINTER Tp; SYNTHESIS PARAMETERS dc, ph, F ; CONTROL FLAGS dTTYflg, cbeflg, ocbeflg, wTTYflg 



NO 



1903- 




COPY ARRAY d c TO cb; SET FLAG cbeflg = FALSE 



NO 




COPY ARRAY cb TO ocb AND POINTER ocbptr=0; SET FLAGS ocbeflg = FLASE 
AND cbeflg = TRUE; SET SYNTHESIS PARAMETER dc=176 



NO 




-1907 



wTTYflg = TRUE; SET SYNTHESIS PARAMETER f BASED ON ocb[ocbptr] 



-191 




FIG. / 9 A 



CONTINUED FROM FIG. 19A 




SET SYNTHESIS PARAMETER f BASED ON ocb[ocbptr] 

I 



1929- 



TTY TONE SYNTHESIS 



mi 



OUTPUTS: CHARACTER BIT ARRAYS cb, ocb AND ocb POINTER ^ 
ocbptr; SYNTHESIS BUFFER T out AND ITS POINTER T p ; SYNTHESIS 
PARAMETERS dc, ph; CONTROL FLAGS cbeflg, ocbeflg, wTTYflg j 



INPUTS: PHASE ph, FREQ f, DURATION COUNTER dc, TTY OUTPUT 
BUFFER Tout, TTY OUTPUT BUFFER POINTER Tp 



NO 



NO 



2009- 



ff = 2.0 * pi * f 7 



2001 




ph=ph+ff 



T 0U t[Tn ]=14653sin(ph) 



201 1 



dc=dc-1, Tp =Tp + 1 



(OUTPUTS: PHASE ph, DURATION COUNTER dc, TTY OUTPUT 
^ BUFFER Tout, TTY OUTPUT BUFFER POINTER Tp 



